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Abstract:  Wood is a natural and highly anisotropic material. Therefore, mechanical characteristics of the material depend on the direction. In this paper, we propose to describe the transfer of the water inside the wood in two dimensions by immersing the sample in liquid water. The potential which drives the transport of water through the wood is controlled by the diffusion transient process.  A model based on a numerical finite difference method has been found to follow the absorption process of water above the fibers saturation point of two-dimensional.
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Introduction

Wood is probably the first material that has been used by man. Its use has constantly developed, but its limitations are well known. These include, for example, its dimensional instability or biodegradation. Wood is a hygroscopic material whose role has always been crucial in the history of mankind. The development of technology today makes it possible to study the physical and chemical properties of wood, whose water status depends on the climatic conditions of humidity and temperature of the environment. It contains water in two forms. When the moisture content is at its highest, there is absorbed water inside the cell walls and free water contained in the voids inside the cells1,2. The fiber saturation point (FSP) is the moisture content obtained when the wood dries, where only the water absorbed inside the walls remains. The free water inside the cell cavities having evaporated first, during drying3,4.
Wood is an anisotropic material with three main diffusion axes and three principal diffusivities, the longitudinal diffusivity being more than ten times greater than the radial and tangential diffusivities which are approximately equal5,6. Although the main diffusivities are concentration-dependent in the case of moisture transport below the saturation point of the fibers (FSP), they can be considered constant when the moisture content is beyond FSP. This is the case when the wood is immersed in water; it is obvious that its water concentration is higher than that associated with the fibre saturation point. This water absorption is an important phenomenon because it can release the chemical previously located in the wood for its protection. On the other hand, this water transport can be used to control the release of iodine or other materials into the water. Polymers have already been successfully used to control chemical releases to water, and applications have been found in agriculture. While the problem of releasing iodine into the water at a controlled rate is a problem in undeveloped countries where people suffer from goitreous diseases, attempts have been made using silicone devices. Silicone devices are relatively complex and expensive, so wood can be used to control the rate of iodine release into water.
The transfer of the water inside the wood is governed by the Fickienne diffusion, the strength transfer of driving being the gradient of concentration and the second law of Fick can express the change of concentration with time.
The main purpose of this study is to describe the absorption process of water by the wood in two-dimensional, when the water content is above the fiber saturation point 7.
The second aim of this work is to build and check a numerical model able to describe the absorption process in two dimensions, when the water content is above the fiber saturation point. Some models have been successfully applied in cases where the water content is above the fiber saturation point in one-dimensional transfer8–12.

	

Theoretical approach

The study of water diffusion inside the wood is based on the following assumptions:
1- The square section of a beam is considered, with a two-dimensional transfer.
2- The transfer of water is controlled by the transient diffusion through the wood.
3- The diffusivity for the two dimensions remains constant during the experiment.
4- The diffusion coefficient is independent of the concentration.
5- As soon as the sample is brought into contact with the water, the water content on the wood surfaces reach equilibrium.
	
Analytical analysis
The transfer of water through the wood is governed by transient diffusion in two-dimensions: 


Where DX and DY are the main diffusivities according to the directions of the wood used.
Where C is the water content.
· The limit condition is: C = Constant =
Where  is the concentration at balance.
The initial concentration, Co is uniform. In this case, the analytical solution can be used for 0 <x <X; 0 <y <Y, is given by:




Numerical analysis

The diffusion method will be simulated from an algorithm using a numerical method of explicit two-dimensional finite differences along the cross-section perpendicular to the faces of the sample13,14.
For this purpose the water concentration profile in the wood is discredited in a number of 2N equal slices of thickness X and Y and diffusion is carried out over small intervals of time. Each position obtained is defined by two integers i and j, so that:


The matter equilibrium is evaluated during the increment of time inside the cube of thickness ΔX or ΔY centered at the position i and  j (figure 1), considering the radial diffusion, tangential and longitudinal of the wood on both sides15–17.
The new concentration after the lapse of time at the position i, j,  can therefore be expressed in terms of the internal concentrations obtained at the same place and the adjacent places: 
This method leads to:
(4)
With:                                                 and              
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Figure 1: Space-time diagram of two transfer dimensions inside the sample
Experimental procedure  

Material used

The blocks of wood are shaped like cubes of sides of 2 cm; the samples are cut out so that the transverse diffusion is conducted through their thickness. The diffusion through these four opposite faces is only obtained by protecting the other two faces from the help of an impermeable film.

Procedure adopted

The wood samples were immersed in a beaker of capacity 250 ml contained water, the absorption kinetic has been determined by weighing and we selected the time interval until we got a constant weight gain.
Each main diffusivity is easily determined by water, considering only the one-dimensional transfer through the wood along a main direction of diffusion, while protecting the other four faces with an impermeable film. As well as the principal diffusivity is calculated from the line obtained by tracing the amount) of water transported by the corresponding axis as a function of the square root of time, the diffusivity is easily calculated when reached at equilibrium.
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Table 1: The diffusivity of each direction
	Main axes
	Diffusivity (cm2/s)

	Longitudinal
	    D= 2.016×10-6

	Tangential
	D= 1.7×10-6

	Radial
	D= 1.7×10-6



Results and discussion

Kinetics of water absorption 

Figure 2 describes water uptake as a function of the immersion time, it presents the evolution of the water absorbed by the wood along the longitudinal-tangential, longitudinal-radial and radial-tangential directions.  As expected, it shows that water uptake goes faster in the first stage of absorption process for longitudinal-tangential direction (a). In addition, the diffusion in the radial direction is favored by the orientation of the ligneous rays (serial or non-serial rays, sometimes consisting only of coated cells). On the one hand, the pores of the cells constituting the ligneous rays promote the transfer of bound water. In the radial direction and on the other hand the cell walls interfere with the transfer in the tangential direction.
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             Figure 2: Absorption kinetics of water within cubics specimens (2 x 2 x 2 cm) as function the time in 2D direction the wood. (a) longitudinal-tangential, (a) longitudinal-radial, 
(c) radial-tangential

     Concentration profiles

The profiles of concentration the water developed through the thickness of the sample 2 cm in 2D direction can be calculated by using the numerical model of finite differences method, whatever the initial conditions in the case of absorption. These profiles of concentration provide a deeper insight into the water distribution and migration of water in wood in terms of water concentration. Figure 3 shows the water distribution by the wood along the longitudinal-tangential, longitudinal-radial and radial-tangential directions. The color scale of concentration of the water was chosen to obtain a better contrast within wood. The colors ranged from brown, indicating the highest concentration of water, to dark blue, indicating zero concentration. Moreover, the profiles can illustrate the absorption process very easily, when the water content is higher than the fiber saturation point. These profiles are symmetrical with respect to the bisector of the angle formed by the two sides ox and oy, for two reasons; the section perpendicular to the sample faces of the beam is square, the diffusivity is the same along the two perpendicular axes of diffusion. The water content reaches the equilibrium value on the surface during absorption.
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          Figure 3: Concentration profile in the two-dimensional direction. (a) longitudinal-radial 
(b) radial –tangential, (c) longitudinal-tangential

Model validity 

The amount of water uptake as a function of the simulation time is calculated using the model and diffusivity values. As shown in the figure (4), the analytical solution and the numerical model give the same curves. These profiles are calculated in the case of absorption in the two directions (longitudinal-radial, tangential-longitudinal and radial-tangential). Furthermore a fairly good agreement is obtained between the experimental results and those calculated by our model. Moreover, the model is able to calculate the water concentration profiles developed across the sample thickness. It is very difficult to determine by these gradients. However, the proof of their validity exists, because the kinetics of the water absorption is obtained by integrating these concentrations with respect to the thickness of the sample, therefore the model is validated. These concentration profiles are intended to give good information about the water inside wood that is for every point of our sample we can easily determine its concentration.
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Figure 4: the amount of water transferred to the sample as a function of the simulation time in the two-dimensional direction. (a)  longitudinal-tangential. (b) radial-tangential 
(c) longitudinal-radial.


Conclusion

The absorption process of the water by the wood in two dimensions above the fiber saturation point has been studied. Numerical models with finite differences able to describe the absorption process. The model validation has been checked by comparing the theoretical and experimental results The comparison of the simulations with the experimental results shows the model's ability to give a reliable estimate of the absorption kinetics. The models remain valid for all dimensions, and are able to simulate the process of solvent transfer in wood. The experiments are in agreement with the theoretical results obtained using Fick's second law analytical solutions, under certain initial conditions and at the limits. Other numerical models with finite differences have been developed. These analytical and numerical models can be used in the case of the transfer of a solvent, other than water, into wood, and are capable of determining the solvent content at any time and at any position of the sample.
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